A multisector model was formulated to simulate the effects of recombinant porcine somatotropin @ST) on the U.S. hog-pork industry. A producer sector submodel was specified for nine hog-producing states, and a retail-wholesale sector was specified on a national level. Four pST adoption scenarios were tested; these differed in the extent of feed cost reduction (15 vs 25%) with or without premium pricing ($3 per animal). Simulation results show that, in general, national producer and retail prices will fall and pork consumption and production will increase due to pST use during the 5 yr of adoption. Responses to pST in terms of percentage of sows farrowing among states differed; states that produce more pork responded less than states that produce less. Downward price adjustments occurred and began stabilizing in the 4th yr; hog farmers will need to use pST to remain competitive. Key Words: Somatotropin, Econometric Model, Simulation, Hog Production, Pork Sta.,
efficiency in hogs treated with pST. Boyd et al. (1986) reported that 15% of hogs treated with pST had a 20% increase in growth rate, reached slaughter weight 11.6 d earlier, and consumed 19% less feed. Meisinger (1989) reported a 10 to 33% increase in growth rate, a 10 to 40% increase in feed efficiency, and a 12.5 to 32% reduction in fat in his review of the benefits from use of pST.
The consequences of adopting pST into the hog-pork industry are of interest to consumers and producers. Consumers will benefit from leaner pork products, producers could realize a reduction in operating costs per head, and resources will be used more efficiently. This study examines the effects of adopting pST on producer profitability and production at the state level and prices and per capita consumption of pork at the national leveL The results of this research could test whether different states exhibit different patterns of adjustment to the adoption of pST. An econometric model of the U.S. hog-pork industry was developed to quantify the potential effects of pST adoption. The effects were estimated by simulating the introduction of pST under four different adoption scenarios.
The remaining sections of the paper describe the econometric model, the parameter estimates, assumptions and scenarios of pST adoption, simulation results, and implications.
Materials and Methods

The Econometric Model
To evaluate the impact of pST on the hogpork industry, the model in this study was developed to allow for interactions of production decisions at the state level and aggregate consumption decisions at the national level. The national model consists of five stochastic equations and six identities and conversions.
The state model consists of three stochastic equations and three identities for each of the nine states. The national equations are for per capita pork consumption, hog slaughter, pork imports, and retail and producer prices of pork The state-level equations are for sows farrowing, pigs on feed, and producer prices. Thus, the national and statelevel models are linked through nine identities and conversion factors to allow for continuous interactions. Linking the two models ties national effects with statelevel adjustments to changing cost patterns. The combined econometric model consists of 5 national and 27 statelevel stochastic equations (nine states each with three equations) and 37 identities and conversions. The model specification was based on previous models (Arzac Wilkinson, 1979) . Dummy variables were included in several of the equations to allow for seasonal effects, such as holidays, and the biological growth cycle of hogs. These equation specifications, expected signs, and the identities are given in Table 2 .
State-Level Equations. The crucial decisionmaking point in hog production occurs when producers decide how many sows to farrow (Yeboah and Heady, 1984; Westcott et al., 1987) . Hence, the first equation (Table 2) is the sow farrowings equation (SFj, where i refers to different states). Sow farrowings are defined as the number of sows that give birth. One popular convention used in specifying sow farrowings uses the ratio of hog to corn prices as an explanatory variable. Another common specification considers the hog price and corn price as separate regressors (Stillman, 1985; Brandt et al., 1987) . These methods had to be adjusted for this study because pST affects various components of the costs of production. Cost components include corn, protein supplement, veterinarian costs, labor and management, interest, power equipment, fuel, shelter, depreciation, transportation, marketing expenses, and miscellaneous and indirect costs. As such, the production cost components had to be disaggregated in order to incorporate the various impacts of pST adoption.
The state sows farrowing equation is specified as a function of a profitability variable (MARGINie) and lagged dependent variables. The MAFtGINie variable is the expected profit margin per head (assuming a farrow-to-farrow operation and thus excluding the costs of feeder pigs). The expected profit margin is derived by taking the difference between expected producer price and production costs. Expected producer price @Pie) is represented by a moving average of lagged state prices The first-and fifthquarter lags capture production trends, whereas the fourthquarter lag accounts for seasonal capacity use (Stillman, 1985) .
The pigs on feed (POFi) equation is a function of the pig crop from the previous two quarters. The pig crop in any given quarter is the number of sows farrowed times the pigs per litter. The state producer price (?'Pi) equations were specified as a function of the national producer price. The mean price over seven barrow and gilt markets were used for the national producer price.
National Eqwztions. The equation for the retail per capita consumption of pork (QRPC) is specified as a function of the price of pork, choice beef, chicken, per capita income in real terms (i.e., de5ted by consumer price index), quarterly dummies, and lagged values of consumption and prices. The lagged values for consumption and retail price of pork, beef, and chicken were included to capture the influence of habit formation in pork consumption pope et al., 1980).
Hog slaughter for the U.S. (HSUS) is a
function of the number of pigs on feed in the U.S. Hog slaughter for the U.S. is specified as a function of the total number of pigs on feed from the nine states during the present and previous quarter and quarterly dummies that capture seasonal effects. This specification allows for interrelationships among the states and the rest of the nation rather than assuming that the state is a price taker.
The real producer price (RPPUS) is influenced by the retail pork price and the number of hogs slaughtered. The current real retail pork price is used as a signal for the demand for pork products. The number of hogs slaughtered is used as a proxy for total pork production to account for temporal supply conditions.
The real retail price of pork (RPRP) is specified as a function of the producer price of hogs, the retail prices of beef and chicken, and quarterly dummies. The retail prices of beef and chicken serve as a demand shifter, whereas the producer price serves to adjust price movements. The net import level (NETIMP) is determined by subtracting exports from imports. Net imports were positive throughout the perid and were added to the domestic supply to account for total supply.
Imports
The import equation (IMPORTS) is specified using a partial adjustment functional form. Regressors included are the Canadian/U.S. dollar exchange rate, real retail pork price, imports from the previous quarter, and quarterly dummies. The Canadian/U.S. dollar exchange rate was used because over 75% of the fresh and frozen imported pork products come from Canada The linkages and conversions that combine the two models also are shown in Table 2 .
The estimation technique used to estimate the model's parameters was two-stage least SqUareS.
Parameter Results
The estimated parameters, standard errors, and R2 for the state-level and national-level equations are given in Tables 3, 4 , 5, and 6.
The parameters show the impact of a change in the exogenous variables. For example, in ' S F = number of sows farrow& r-values are given in parentheses.
Assumptions and Scenarios for pST Adoption
Numerous studies (Boyd et al., 1986; Etherton et al., 1986;  Meisinger, 1989; McLaren et al., 1990) have explored the benefits of pST use in the production of pork These studies concluded that pST increases feed efficiency, decreases fat content, and enhances growth. The degree of each specific improvement, however, is slightly different for each study. Assumptions for this study, based on previous studies, are presented below. The impact of the four pST scenarios was simulated for 5 yr beginning in 1981 with comparisons from the historical baseline (no PST). 'POP = number of pigs on feed; t-values are given in parentheses. bpc = pig crop. Cost Structure. There are three main components in the cost structure of hog production that are expected to change due to pST. These are feed costs, overhead costs, and cost of the technology. The following estimates for each cost change are assumed, The consumption of feed, which consists of both an energy source (usually corn) and a protein supplement, is estimated to decline from 19 to 30% with pST adoption; however, feed costs are estimated to decline only 16 to 24% due to the increased protein needs of pST-treated hogs (Boyd et al., 1986; McLaren et al., 1990) . To provide more generality, our study used two feed cost reduction estimates (15 and 25%). For Scenarios 1 and 2, the cost of corn plus protein supplement was decreased by 15%; for Scenarios 3 and 4, the cost of corn plus protein supplement was decreased by 25%. These feed cost reductions are within the ranges reported by Meisinger (1989).
Second, overhead costs will be expected to decline due to the increased rate of growth of (Kauffman et al., 1988) . If pST were widely adopted, packers would benefit from the leaner carcasses that they purchase. Packers would have an incentive to purchase more of these leaner carcasses and might initiate a program that motivates producers to grow more of these leaner animals. Such a program would take the form of a per-hog premium paid only for pigs meeting certain leanness criteria. Scenarios depicting cases in which premium pricing is adopted, or not adopted, will be evaluated in this study. John
Momel & Co., the third-largest U.S. hog slaughterer, has a carcass payment program and claimed that hogs will bring premiums in the range of $ 2 5 to $2.00 per 45.4 kg. One packing company in Pennsylvania currently pays a $3.00 per animal premium for highquality hogs (Hatfield Packing, personal communication). In the premium pricing scenarios, a $3.00 per animal premium was used. An assumption made in this case was that all the pST-treated hogs will qualify for the premium and that none of the untreated hogs will qualify. Also, we assumed that pST will not alter dressing percentage or ratio of live weight to carcass weight or retail weight ( Table 7 .
Simulation Results
Results were obtained for each of the four adoption scenarios and are described in Figures 1 through 4 and Tables 8 and 9. The adoption assumptions were implemented into the model by changing expected cost patterns. The pattern of adjustment for the hog-pork industry was similar in direction but with varying magnitudes for all scenarios (Table 8) . hoducers who adopted the technology realized an expected cost decrease (increased MARGINie) and increased their production. The initial production increase was constrained by the available breeding stock and existing facilities. This constraint entered into the simulation through the series of lagged dependent variables in the SFi equations. The maximum supply response was not attained until later in the simulation. As the supply response increased and the added production reached the market, both retail prices and producer prices fell. The lower producer prices decreased expected margins, resulting in a reduction in the supply. The cumulative effect of this supply adjustment for each state produced a similar adjustment path for national retail price (RPRP), producer price (RPPUS), and consumption (QRPC) ( Table 9 , Figures 2   and 3) .
+ +
The changes in national retail and producer prices and consumption were triggered by the aggregate effect of changes in production at the state level. Each state responded differently to the expected change in profitability. Table 8 shows the average and maximum change in sow farrowings. by state, for each of the four scenarios. In general, the larger-producing states such as Iowa, Illinois, and hrlinnesota exhibited smaller percentage increases in sow farrowings, whereas smaller-producing states exhibited higher percentage increases. This could suggest increasing competitiveness among the states due to the cost reduction of pST adoption.
In Scenario 1, the average percentage increase in sows farrowing for the three largest-producing states (excluding Missouri) was about .95%. For the four smaller-producing states, the average percentage increase was about 1.7%. The other scenarios resulted in a similar pattern. Scenario 3 (25% feed cost reduction, premium pricing) generated the largest response in terms of changes in sows farrowing, prices, and consumption. Figures 1 through 4 shows the quarterly RPPUS. All four scenarios produced increases impacts ofpSTonQRPC,RPRP,RPPUS, and in consumption and decreases in retail and HSUS. Table 9 shows the year-by-year producer prices. The magnitudes of these changes and the 5-yr period average maximum changes varied markedly between scenarios. and mean percentage change of the national The simulation of Scenario 1 resulted in a endogenous variables QRPC, RPRP, and maximum increase in per capita consumption of 2.8% or 8.21 kg per capita, eight quarters into the simulation. Retail prices declined an average of 2.0%, and real producer prices declined by an average of 4.2%. The other scenarios produced a wide range of estimated changes depending on the assumptions made. The highest degree of change was estimated for Scenario 3 (25% feed cost reduction, premium pricing), in which increased consumption reached a maximum of 5.0% of 8.35 kg per capita, eight quarters into the simulation. The smallest change was estimated for Scenario 2 (15% feed cost reduction, no premium pricing), in which the increased consumption estimate reached a maximum of only 1.5% or 8.17 kg per capita. The impact of a premium pricing system can be seen by comparing Scenarios 1 and 2 and Scenarios 3 and 4, in which the sole difference between the assumptions is the use or lack of use of a premium pricing system. The magnitude of changes in consumption and prices in Scenario 2 (no premium pricing) is roughly half that of changes in Scenario 1. For example, maximum changes in consumption, retail price, and producer price in Scenario 1 are 2.8 4 . 1 , and -8.6%, respectively, compared with 1.5, -2.3, and -5.0 in Scenario 2. On the other hand, changes in consumption and prices are only 25% higher in Scenario 3 than in Scenario 4 (no premium pricing). This suggests that the higher the feed cost reduction due to pST, the lesser the impact that premium pricing has on the hog-pork industry.
An important consideration to producers involving the adoption of pST is what happens to their profitability. Several comparisons can be made by looking at differences in the estimated expected margins of adopters and nonadopters in relation to each other. Table 10 shows the average difference in expected margin between adopters and nonadopters for all the scenarios. The increase in expected margin for adopters, compared with nonadopters, was the highest in Scenario 3, averaging over $9 an animal. In terms of percentage of expected margin increase for adopters, depending on the states and scenarios they ranged from 45 to over 800%. Nebraska adopters receive the highest percentage increase over the nonadopters, whereas Missouri adopters receive the lowest. Because the margin increase in value from pST adoption is the same among the states, this suggests that Nebraska hog farmers traditionally received much lower returns than hog farmers in the other states. The high response to pST by Missouri hog producers could be due to their receiving generally much higher returns and to a more elastic supply response to price changes.
lmpllcatlons
Results of a simulation model show that introduction of porcine somatotropin into the hog industry may have a major effect on consumers and producers in the hog-pork industry. Producer and retail prices will fall, and quantities of pork will rise. The degree of these changes depends on the adoption circumstances and the specific state involved. The number of sows farrowing should increase due to adoption of porcine somatotropin, but the increase will differ among states; larger states will have smaller increases. Hence, production will increase more in states with less hog production due to adoption of porcine somatotropin. According to historical data, largerproducing states historically have responded less to market price or margin. Largerproducing states may be more committed to swine production with fewer alternatives available to producers. Results of the study show that adopters of technology will receive substantially more benefits. The leveling off of the adjustment path, beginning after the 4th yr of porcine somatotropin introduction, illustrates the "treadmill" effect of this technology. Producers must adopt technology to remain competitive.
